this theory. In the current study, we developed and tested measures of (1) loneliness attributed to cancer (i.e., cancerrelated loneliness) and (2) negative social expectations related to cancer. Methods First, we developed the items for the measures based on theory, prior research, and expert feedback. Next, we assessed the measures' psychometric properties (i.e., internal consistency and construct validity) in a diverse sample of cancer patients. Results The final products included a 7-item unidimensional Cancer Loneliness Scale and a 5-item unidimensional Cancer-related Negative Social Expectations Scale. Evidence of excellent reliability and validity was found for both measures. Conclusions The resulting measures have both clinical and research utility.
and dissatisfaction with the quality of relationships [9, 10] . Loneliness theory suggests that lonely individuals have more negative expectations of others and are viewed more negatively by others [2] . According to this theory, negative social cognitions (i.e., negative social expectations) lead to more negative interactions that, in turn, sustain both loneliness and the associated negative social expectations. Social conditions (e.g., social support quality) also impact the persistence of loneliness and negative social cognitions [2, 11] . These cognitions are hypothesized to play a role in increasing health risk factors, such as poor sleep quality [2] .
Various aspects of the cancer experience contribute to loneliness. For example, many cancer patients have heightened existential concerns but feel that family members do not share these concerns [12, 13] . Additionally, some patients experience socially constraining behaviors (e.g., criticism, avoidance) when attempting to discuss cancerrelated concerns. Social-cognitive processing theory and research suggest that these social constraints are associated with poor psychological outcomes, such as loneliness [14] [15] [16] . Furthermore, patients' loneliness-related cognitions may specifically relate to the cancer experience (e.g., unrealistic expectations regarding others' level of support during their illness) [12] . Thus, loneliness may be influenced by different social factors in cancer patients relative to the general population. Research supporting this hypothesis would justify tailoring loneliness interventions to address cancer-related experiences.
Although efficacious loneliness-reduction interventions have been developed [17] , these interventions have rarely targeted cancer populations. Furthermore, loneliness interventions in cancer have not addressed maladaptive social cognitions (e.g., negative social expectations), despite the fact that targeting such cognitions was found to be most efficacious for reducing loneliness in a meta-analysis with general population samples [17] .
Prior to the development of loneliness interventions for cancer populations, cancer-specific tools are needed to assess: (1) loneliness attributed to cancer (i.e., cancerrelated loneliness) and (2) negative social expectations related to cancer that may precipitate and sustain loneliness. These measures could advance loneliness research in multiple respects. First, a tool assessing loneliness attributed to cancer may allow us to identify patients who warrant a cancer-specific loneliness intervention. Second, a measure of patients' negative social expectations related to cancer could contribute to theory development and clinical care. To our knowledge, a measure of negative social expectations associated with loneliness has not been developed for any population. Empirical evidence that negative social expectations are correlated with cancer patients' loneliness would provide further support for theory linking these variables [2] . Furthermore, researchers could empirically evaluate whether reduced negative social expectations mediate the effects of a loneliness intervention on cancer patients' mental health and quality of life. To address the need for cancer-specific tools, we developed and tested measures of cancer-related loneliness and cancer-related negative social expectations in this study.
Methods

Generation of initial item pools
Cancer Loneliness Scale
We developed the initial 15-item pool for the Cancer Loneliness Scale based on loneliness theory [2, 9, 18, 19] , previous general loneliness measures [10, [20] [21] [22] , and qualitative studies of loneliness in cancer populations [13, 23] . A 5-point scale with item responses ranging from 1 (never) to 5 (always) was selected. To ensure that the scale comprehensively described cancer-related loneliness, we obtained feedback on the items from three experts in loneliness and social aspects of cancer and 15 cancer patients before administering the Cancer Loneliness Scale to assess its psychometric properties (see [12] for study methods). Overall, most participants stated that the potential items were easy to understand and included key content. The 7 items in the final pool are listed in Table 1 .
Cancer-related Negative Social Expectations Scale
To ensure representative content coverage, we drew upon theory [2, 14, 24] and existing research [12, 13, 16, 23, 25] to create five content domains for the Cancer-related Negative Social Expectations Scale item pool. We specifically drew upon our prior qualitative work which identified situations and thoughts that cancer patients associated with their loneliness [12] . Fourteen items were written to assess each of five content domains (see Table 2 for the content domains and Table 3 for the final pool of items). A 6-point response scale ranging from 1 (strongly disagree) to 6 (strongly agree) was used.
Evaluation of psychometric properties
Participants
Following institutional review board approval, cancer patients were recruited from the Indiana Cancer Registry, a list of every cancer case in the state of Indiana. Eligibility status was determined by medical chart review and a telephone-based informed consent process. Eligibility criteria for the study included: (1) being diagnosed with cancer in
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2013 or 2014; (2) receiving care for cancer at an Indiana University Health Hospital during 2013 or 2014; (3) being an English-speaking adult; and (4) having no evidence of serious cognitive impairment. Patients whose primary cancer diagnosis was brain cancer were excluded. Otherwise, all cancer types and stages were eligible because loneliness has not been found to differ by cancer type or stage [11] .
Measures
In addition to the new measures described previously, validated measures of health and social well-being were administered to assess theory-based relationships with cancer-related loneliness and cancer-related negative social expectations:
PROMIS measures of social and health-related outcomes NIH-funded PROMIS measures were used to assess emotional support, depressive and anxiety symptoms, and mental and physical quality of life. PROMIS measures have undergone rigorous reliability and validity testing [29] [30] [31] [32] [33] [34] . Emotional support was assessed with the 4-item Emotional Support measure [35] , which showed excellent internal consistency (α = 0.95) in the current study. Depressive and anxiety symptoms were assessed with the 4-item Depression and Anxiety measures [36, 37] , both of which showed excellent internal consistency (αs = 0.93 and 0.90, respectively) in the current study. The 4-item mental health and the 4-item physical health scales from the 10-item Global Health measure were used to assess quality of life [34] . In this study, internal consistency for the mental health scale was good (α = 0.82), whereas it was poor for the physical health scale (α = 0.27). To determine whether one item reduced the physical health scale's alpha, we examined the alpha level with and without each item. Removing the pain item increased the alpha to 0.84; thus, analyses were conducted without this item.
Loneliness General loneliness was measured with the 20-item UCLA Loneliness Scale-Version 3 [10] . The UCLA Loneliness Scale has shown excellent reliability and validity across studies, including studies with cancer patients [5, 16, 38] . In this study, internal consistency was excellent (α = 0.94).
Social network characteristics Three items adapted from the Social Network Index [39] were used to assess social network characteristics. The items included: (1) "How many relatives do you see or talk to on the phone at least once every 2 weeks?"; (2) "How many friends do you see or talk to on the phone at least once every 2 weeks?"; and (3) "How many cancer patients or survivors do you see or talk to on the phone at least once every 2 weeks?" 
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Demographic and medical characteristics Age, gender, and cancer-related information were collected via medical records. Other demographics were self-reported.
Procedure
Potential participants were identified through the Indiana Cancer Registry. First, we reviewed patients' medical records to confirm their eligibility. To ensure diversity, we used purposive sampling based on gender and race. Potentially eligible participants were mailed introductory letters and study information sheets. We called all prospective participants who did not opt out to describe the study. Informed consent was obtained by phone from all patients included in the study. Consenting patients were mailed a survey and a pre-paid, addressed envelope for returning the survey. Participants who returned their survey received a $25 gift card.
Analyses
Data screening and preliminary analyses First, we examined the assumptions of normality and linearity. According to Kline's [40] guidelines, the values for each variable were appropriate, except for the social network size items. After applying a winsorization transformation to outliers on social network size questions [41] , all skew and kurtosis values were acceptable [40] . Second, we examined whether the data were missing completely at random using Little's Missing Completely at Random (MCAR) test [42] . Because our data were shown to be missing completely at random, χ 2 (2278) = 2286.8, p = 0.44, and we had little missingness, when an item was missing from a scale, we imputed the 4 Expecting sharing cancer-related concerns to burden others For some patients, a lack of cancer-related disclosure is motivated by a desire to protect others from distress. Some patients with this thought pattern experience distress and disconnection from others when they fail to discuss cancer-related concerns [12, 13] . Relatedly, protective buffering (e.g., hiding concerns and worries in an attempt to prevent others from experiencing distress) [25] has been associated with poorer psychological adjustment and lower levels of relationship satisfaction in cancer patients [25, 26] 3, 9
5 Expecting disclosure of their diagnosis or cancer-related concerns to worsen their relationships Some patients withhold cancer-related information from others due to concerns that disclosing their health status would negatively change the way others interact with them [12] . For example, patients expect others to avoid them or show discomfort during conversations. Thus, whereas domain 4 focuses on cancer-related disclosure burdening others, domain 5 focuses on patients' anticipated distress as relationships change following disclosure. However, many patients have reported that withholding cancer-related information led to feelings of isolation [12] , consistent with social-cognitive processing theory [14, 24] . Specifically, processing cancer-related information with others has been found to facilitate psychological adjustment [16, 27, 28] , an opportunity not available to non-disclosing patients 6, 12, 14 value of the strongest correlated item in that scale. Finally, descriptive statistics were calculated. Assessment of item performance Next, we assessed item quality and eliminated items that performed poorly. Items could be removed at any stage of the project based on performance. For example, items could be removed for floor or ceiling effects (i.e., more than 80% endorsed the highest or lowest category), low factor loadings (i.e., <0.40), or low item total correlations (i.e., <0.30). Items with similar content were compared, and items with the best performance were retained for the measures.
Assessment of dimensionality The dimensionalities of both scales were assessed using confirmatory factor analyses in LISREL 8.8. Regarding the Cancer Loneliness Scale, unidimensionality was hypothesized. Regarding the dimensionality of the Cancer-related Negative Social Expectations Scale, three models specified a priori were compared to determine which model best fit the data: (1) a 5-dimensional model corresponded to the 5 content domains described previously; (2) a 4-dimensional model collapsed domains 2 (expecting a lack of understanding of cancer-related concerns) and 3 (expecting that others will not understand existential thoughts) due to conceptual similarity; and (3) a unidimensional model. All models were run using a robust maximum likelihood estimator.
To evaluate model fit, we examined the goodness-offit χ 2 statistic, the root mean square error of approximation (RMSEA), the comparative fit index (CFI), and the standardized root mean square residual (SRMR). Although model fit guidelines vary, we defined acceptable model fit as (1) RMSEA < 0.06; (2) CFI > 0.95; (3) SRMR < 0.08; and (4) a non-significant χ 2 statistic [40, 43] . Correlated residuals were allowed in cases where the correlation improved the model fit and where the item pairs shared minor secondary constructs that were not central to the constructs being measured.
Assessment of reliability and validity evidence Reliability and validity analyses were also conducted. Alphas were obtained to assess the measures' internal consistency. We also ran correlational analyses to assess construct validity using the final measures. First, we expected the Cancer Loneliness Scale to be positively related to general loneliness, anxiety, and depressive symptoms, and negatively related to emotional support and mental and physical quality of life, consistent with theory and prior research on general loneliness [1, 2, 5, 9, 11, 19] . Second, we expected cancer-related loneliness to be negatively associated with the number of cancer patient contacts, but unrelated to the size of one's total network of family and friends. Loneliness theory and research suggest that loneliness relates to dissatisfaction with relationships rather than one's number of social network members [9, 10] ; however, in qualitative research, cancer patients have reported that having more contact with other cancer patients reduced their feelings of loneliness [44] .
To assess the construct validity of the Cancer-related Negative Social Expectations Scale, we examined its relationships with theory-driven variables. First, we expected negative social expectations to be positively correlated with general loneliness, cancer-related loneliness, anxiety, and depressive symptoms and negatively correlated with mental and physical quality of life based on theory linking negative social expectations to loneliness and poor mental and physical health outcomes [2, 45] . Second, we expected negative social expectations to be negatively correlated with emotional support, as these expectations are theorized to increase social behaviors that elicit negative social interactions [2] . Expected magnitudes for all hypothesized relationships appear in Table 4 and are based on loneliness theory and prior research.
Sample size considerations A sample with a minimum of 5 participants per pathway is thought to be required for sufficient power to detect effects based on simulations [40] . The largest number of pathways among all of our hypothesized models was 24. Thus, a minimum final sample size of 120 is thought to provide sufficient statistical power for all proposed models.
Results
Sample characteristics
A total of 380 patients randomly selected within race and gender categories were deemed eligible based on medical chart review and were sent introductory letters. Of the 380 patients sent introductory letters, 36 (9%) were ineligible. Of the remaining 344 patients, 215 (63%) consented to participate, 47 (14%) declined participation, and 82 (24%) could not be reached via phone. Of the 215 consenters, 186 (87%) returned their surveys, 27 (13%) were lost to followup, 1 withdrew from the study, and 1 died. Sample characteristics are shown in Table 5 .
Cancer Loneliness Scale item selection, factor structure, and reliability First, we selected the items for the Cancer Loneliness Scale. All of the items from the item pool performed well (e.g., all response categories were endorsed, all had adequate item total correlations) (see Table 1 for item descriptive statistics and Online Resource 1 for inter-item correlations). Thus, no items were initially eliminated due to poor performance. Next, the first and second authors grouped the items with content overlap (e.g., items assessing general feelings of aloneness and items assessing the feeling that they have no one with whom to share cancer-related thoughts) and selected one representative item from each group with the highest item total correlation. A total of 7 items from the 15-item pool were retained for the final measure (see Table 1 for the final list of items).
After the items were selected, we examined the hypothesized unidimensional factor structure of the (14) = 36.12, p = 0.001. Modification indices suggested correlating certain residuals. We chose to correlate the residuals of items 13 and 14 because it was also theoretically relevant; specifically, items and 13 and 14 both focus on core emotions related to loneliness (i.e., emptiness, isolation) rather than perceptions of lack of support. Figure 1 shows the final model. Overall, the final model showed evidence of excellent fit: SRMR = 0.02; RMSEA = 0.03; CFI = 1.00; χ 2 (13) = 15.73, p = 0.26. The internal consistency for the single-factor Cancer Loneliness Scale was also excellent (α = 0.94).
Cancer Loneliness Scale construct validity
To assess the construct validity of the Cancer Loneliness Scale, we examined relationships between cancer-related loneliness and theory-based characteristics (see Table 4 ). A composite score was calculated by summing the final items, with higher scores indicating greater cancerrelated loneliness. First, as hypothesized, cancer-related loneliness was positively correlated with general loneliness, anxiety symptoms, and depressive symptoms and negatively correlated with mental quality of life, physical quality of life, and emotional support. Contrary to our hypothesis, cancer-related loneliness was unrelated to the number of cancer patients with whom participants had regular contact. Also contrary to our hypothesis, cancerrelated loneliness was positively correlated with the number of relatives and friends with whom participants had regular contact. 
Cancer-related Negative Social Expectations Scale item selection, factor structure, and reliability
First, we examined the performance of potential items for the Cancer-related Negative Social Expectations Scale (see Table 3 for item descriptive statistics and Online Resource 2 for inter-item correlations). Two items (5 and 11) were removed from the 14-item pool because they had low inter-item correlations (i.e., many p values >0.05) and low item total correlations (i.e., 0.16 and 0.29, respectively). The other items performed well and were initially retained.
Next, we examined the three contending factor structure models. Regarding the 5-dimensional model, there was mixed evidence of adequate fit: SRMR = 0.06; RMSEA = 0.07; CFI = 0.99; χ 2 (47) = 92.68, p < 0.001. In addition, there were invalid parameter estimates, with correlations among some of the factors being above 1.0. Similar to the 5-dimensional model, the 4-dimensional model showed mixed evidence of adequate fit: SRMR = 0.04; RMSEA = 0.07; CFI = 0.99; χ 2 (49) = 92.10, p < 0.001. Furthermore, high correlations among the 4 factors (e.g., ψ = 0.99) were problematic and suggested that the factors were not separate. Finally, we examined the unidimensional model, which also showed mixed evidence of adequate fit: SRMR = 0.05; CFI = 0.98; RMSEA = 0.09; χ 2 (54) = 134.24, p < 0.001. After reviewing the three models, we rejected the 5-and 4-dimensional models because the estimated correlations among the factors were too high and sometimes invalid. We retained the unidimensional model as the best representation of our data.
Next, we shortened the measure to increase its practicality for use with cancer populations. We retained one item from each conceptual domain for representative content coverage; the item with the highest item total correlation was retained (see Table 3 for the final list of five items). Thus, 9 of the 14 items were discarded. Subsequently, we re-ran the unidimensional model with the final five items. The resulting model showed mixed evidence of adequate fit: SRMR = 0.03; RMSEA = 0.11; CFI = 0.99; χ 2 (5) = 15.5, p = 0.01. Modification indices suggested correlating certain residuals. We chose to correlate the residuals of items 8 and 10 because it was also theoretically appropriate; specifically, items 8 and 10 focus on others' lack of understanding and have similar wording. Figure 2 shows the final model. The resulting model showed excellent fit overall: SRMR = 0.02; RMSEA = 0.03; CFI = 1.00; χ 2 (4) = 4.70, p = 0.32. The internal consistency coefficient for the brief, single-factor scale was also excellent (α = 0.90).
Cancer-related Negative Social Expectations Scale construct validity
To assess the construct validity of the Cancer-related Negative Social Expectations Scale, we examined relationships between cancer-related negative social expectations and theory-based characteristics (see Table 4 ). A composite score was calculated by summing the final items, with higher scores indicating more negative social expectations. As expected, negative social expectations were positively correlated with general loneliness, cancer-related loneliness, anxiety symptoms, and depressive symptoms. Second, as expected, negative social expectations were negatively correlated with mental quality of life, physical quality of life, and emotional support.
Discussion
In the current study, we developed a 7-item unidimensional Cancer Loneliness Scale and a 5-item unidimensional Cancer-related Negative Social Expectations Scale (see Tables 6, 7 for final questionnaires). Evidence of good internal consistency and validity was found for both measures in a large, diverse sample of cancer patients. Results suggest the measures have both clinical and research utility.
Cancer Loneliness Scale
The Cancer Loneliness Scale was associated in expected directions with measures of mental and physical health, which provided evidence of construct validity. However, relationships between this scale and objective social network characteristics were not consistent with our predictions. For example, cancer-related loneliness was not significantly associated with the number of cancer patients with whom participants reported regular contact. This result suggests that, consistent with theory regarding nonpatients [9, 10] , the quality of the interaction with fellow cancer patients may be more important than the quantity. Particularly, contact with other cancer patients may be a positive or negative experience depending on a number of factors, such as how well they feel understood. Items were re-numbered for the final scale.
The items above are items 6, 7, 8, 9, 10, 13, and 14 from the original item pool. Also contrary to our hypotheses, the number of friends and relatives with whom participants had regular contact was positively correlated with cancer-related loneliness. In the general loneliness literature, findings are mixed regarding relationships between loneliness and more objective social network characteristics (e.g., amount of time spent with others, size of social network), with some studies reporting significant negative associations [10, 46] and others reporting null findings [9, 10] . Thus, our findings contrast with the general literature. One potential explanation for our findings is that having more contact with others provided more opportunities to experience socially constraining behaviors or feel misunderstood with respect to the cancer experience, which led to greater loneliness.
Other explanations for the inconsistent findings regarding social network variables should also be considered. For instance, the results might reflect measurement error or the ambiguous nature of the relationship between the quantity of social contact and loneliness. Overall, evidence for the construct validity of the Cancer Loneliness Scale was deemed to be good, as the majority of theoretical relationships were found.
Cancer-related Negative Social Expectations Scale
The unidimensional model for the Cancer-related Negative Social Expectations Scale was retained, as it exhibited the best fit of the three factor structures that were examined. Results are consistent with the notion that patients typically endorse a single underlying pattern of thinking about relationships as opposed to having different types of expectations for different social situations.
The Cancer-related Negative Social Expectations Scale was associated in expected directions with measures of health and social well-being, which provided evidence of construct validity. First, as hypothesized, cancer-related negative social expectations were positively correlated with both general and cancer-related loneliness. To our knowledge, this is the first empirical examination of the relationship between negative social expectations and loneliness in any population, providing preliminary support for theory linking these constructs [2] . The association between negative social expectations and cancer-related loneliness (r = 0.70) was stronger than the association between negative social expectations and general loneliness (r = 0.47), which is expected because both the negative social expectations and cancer-related loneliness measures focus on cancer-specific experiences. The strong correlation between negative social expectations and cancer-related loneliness is consistent with theory [2] and provides evidence for the measure's construct validity. Second, as hypothesized, negative social expectations were positively correlated with anxiety and depressive symptoms and negatively correlated with mental and physical quality of life and emotional support. Thus, overall, results provided evidence of excellent construct validity.
Limitations and future directions
Limitations and future directions should be noted. First, although our consent and survey return rates were comparable to similar research [47] , patients who participated may have differed from those who chose not to participate or could not be contacted. Second, replication of the current analyses in a larger, more diverse sample is needed. Third, future studies are required to assess additional aspects of validity (e.g., responsiveness to change, minimally important difference ranges). Fourth, examining whether cancer-related negative social expectations predict cancer-related loneliness over time would provide a more rigorous test of the theory [2] , as well as a better indication of whether cognitive interventions should be tested to reduce loneliness in cancer patients. In addition, future studies should examine whether cancer-related loneliness or general loneliness is a stronger predictor of health outcomes over time. Lastly, there are no established clinical cut-offs for loneliness in the broader literature; a clinical cut-off would guide screening efforts.
Implications
The current project has implications for theory. First, to our knowledge, this is the first study to develop and evaluate measures of negative social expectations for any population and cancer-related loneliness. Thus, this study provided the first empirical tests of the degree to which negative social expectations are correlated with loneliness and health outcomes, and results were consistent with loneliness theory [2] . Additionally, this study expands on existing theory by examining these concepts in cancer patients, a population that may be at high risk of developing loneliness [11, 48] .
The project also has a number of implications for clinical practice and research. First, following further measure development, cancer patients who seek mental health care could be screened for cancer-related loneliness to see if they might benefit from an intervention to address loneliness. One key advantage of the Cancer Loneliness Scale is its brevity compared to existing measures of loneliness, increasing its practicality for use with cancer populations. Furthermore, if the current findings are replicated longitudinally, this would suggest that targeting negative social expectations in loneliness interventions might be beneficial. Therapists could identify potential negative social cognitions upon which to intervene based on patients' item responses to the Cancer-related Negative Social Expectations Scale. Following the intervention, researchers could use the measure to evaluate whether reduced negative social expectations mediated the beneficial effects of a cognitive, loneliness-reduction intervention on cancer patients' quality of life outcomes. Finally, the measures could be adapted to assess loneliness and negative social expectations in other medical populations.
Conclusions
Social connectedness is a critical component of quality of life, and loneliness is associated with poor mental and physical health outcomes in cancer patients [6, 7, 49, 50] . Cancer patients may experience loneliness related to the cancer experience; thus, loneliness interventions in cancer should be tailored to address illness-related social conditions and negative social expectations. In the current study, we developed brief cancer-specific tools for use in future loneliness intervention trials with cancer patients. Development of theory-based loneliness-reduction interventions may significantly improve cancer patients' mental and physical quality of life.
